This paper proposes a new generalized high-frequency voltage injection method for sensorless drive of salient-pole permanentmagnet synchronous motors. The injected high-frequency voltage has unique spatially-rotating ellipse-shape, whose amplitudes of both major and minor axes vary dependently on the motor speed, and can be designed through selecting a design parameter. The high-frequency current caused by the injected voltage, which has information of rotor phase to be estimated, is speed-independent, i.e. is not affected by the motor speed at all. Consequently, rotor phase can be estimated in wide speed range from zero to the rated speed. Through selection of the design parameter, property of the high-frequency current can be adjusted so that it fits for the associated motor-drive system consisting of a motor and an inverter. As a versatile phase estimation method for estimating rotor phase using the high-frequency current, the "mirror-phase estimation method" is re-constructed and re-proposed.
This paper proposes a new generalized high-frequency voltage injection method for sensorless drive of salient-pole permanentmagnet synchronous motors. The injected high-frequency voltage has unique spatially-rotating ellipse-shape, whose amplitudes of both major and minor axes vary dependently on the motor speed, and can be designed through selecting a design parameter. The high-frequency current caused by the injected voltage, which has information of rotor phase to be estimated, is speed-independent, i.e. is not affected by the motor speed at all. Consequently, rotor phase can be estimated in wide speed range from zero to the rated speed. Through selection of the design parameter, property of the high-frequency current can be adjusted so that it fits for the associated motor-drive system consisting of a motor and an inverter. As a versatile phase estimation method for estimating rotor phase using the high-frequency current, the "mirror-phase estimation method" is re-constructed and re-proposed.
The high-frequency voltage to be injected by the proposed method is described as
where K is a design parameter such as 0 ≤ K ≤ 1; K = const.
The high-frequency current caused by the voltage results in
where i hp , i hn are positive and negative phase components such as
t).
Note that the high-frequency current, which has information of rotor phase θ γ to be estimated, is speed-independent, i.e. is not affected by the motor speed at all.
The current has the following property about component ratio: Relations between rotor phase and major axis phase of high-frequency current ellipse for K = 0.5
Note that from viewpoints of S/N, higher current ratio is desired. Fig. 1 shows a current ratio example for θ γ = 0 where r s indicates a saliency ratio. As clearly observed. The current ratio can be adjusted through design parameter K. The current has the following property about relation between the rotor phase and the major axis phase of current ellipse:
There is positive correlation between two phases in a region. From viewpoints of rotor phase estimation, wider region is desired. Fig. 2 shows an example of positive correlation region for K = 0.5. The region, which is function of saliency ratio, can be adjusted through design parameter K. This paper proposes a new generalized high-frequency voltage injection method for sensorless drive of salient-pole permanent-magnet synchronous motors. The injected high-frequency voltage has unique spatially-rotating ellipseshape, whose both amplitudes of major and minor axes vary dependently of the motor speed, and can be designed through selecting a design parameter. The high-frequency current caused by the injected voltage, which has information of rotor phase to be estimated, is speed-independent, i.e. is not affected by the motor speed at all. Consequently, rotor phase can be estimated in wide speed range from zero to the rated speed. Through selection of the design parameter, property of the high-frequency current can be adjusted so that it fits for the associated motor-drive system consisting of a motor and an inverter. As a versatile phase estimation method for estimating rotor phase using the high-frequency current, the "mirror-phase estimation method" is re-constructed and re-proposed.
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5. An example of positive-negative component ratio and minor/major-axis ratio vs. frequency-ratio.
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